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FOREWORD 


This  report  summarizes  the  results  of  an  investigation  into  transonic  high  incidence  unsteady 
aerodynamics.  Transonic  wind  tunnel  tests  were  conducted  for  a  semispan  straked  delta  wing 
model  oscillating  in  pitch  at  high  incidences. 

This  test  was  conducted  under  a  cooperative  program  of  research  between  the  Lockheed  Fort 
Worth  Company  (LFWC),  Fort  Worth,  Texas,  USA  (Formerly  the  Fort  Worth  Division  of  General 
Dynamics  until  28  February  1993)  and  the  National  Aerospace  Laboratory  (NLR),  Amsterdam, 
The  Netherlands.  The  test  was  conducted  in  April/May  1992.  The  models  and  corresponding 
support  system  were  designed  at  NLR  under  an  earlier  separate  program  with  funding  from  the 
Fort  Worth  Division  of  General  Dynamics  (now  LFWC)  and  NLR.  The  fabrication  of  models, 
test  preparation,  wind  tunnel  test  and  reporting  were  performed  at  NLR  under  a  subcontract  from 
LFWC.  This  work  was  funded  under  Air  Force  contract  F33657-84-C-0247  (CCP  4551)  for  the 
Aeronautical  Systems  Center,  Wright-Patterson  Air  Force  Base,  Ohio.  The  work  was  adminis¬ 
tered  by  Mr.  F.  Zapata  of  the  F-16  SPO  (ASC/YPEF)  and  Mr.  L.  J.  Huttsell  of  the  Flight  Dynam¬ 
ics  Directorate  of  Wright  Laboratory  (WL/FIBG)  Wright-Patterson  Air  Force  Base,  Ohio  under 
work  unit  24010292. 

The  program  manager  was  Dr.  A.  M.  Cunningham,  Jr.  at  LFWC.  The  principal  investigators 
were  Dr.  Cunningham  at  LFWC,  Mr.  R.  G.  den  Boer  for  the  wind  tunnel  test  programs  at  NLR. 
Mr.  den  Boer  was  assisted  by  the  following  NLR  specialists:  C.  D.  G.  Dogger,  E.  G.  M.  Geurts, 
A.  P.  Retel  and  R.  J.  Zwaan.  The  authors  would  like  to  acknowledge  the  following  person  who 
contributed  substantially  in  the  project: 

Mr.  E.  W.  M.  Slijkerman  for  the  design  of  the  wind  tunnel  model  and  support;  Messrs.  T. 
Horsman  and  F.  Hofman  for  the  fabrication  and  instrumentaion  of  the  model;  and  Messrs.  O.  van 
Teunenbroek  and  A.  van  der  Kamp  for  their  contribution  in  the  software  development. 

The  test  program  for  the  straked  delta  wing  is  documented  in  three  separate  reports.  This  re¬ 
port  (Part  3)  contains  selected  data  for  simulated  maneuvers.  Part  1  contains  a  description  of  the 
model,  test  setup,  data  acquisition,  and  data  processing.  Part  2  contains  selected  test  points  for 
harmonic  oscillation.  Parts  1  and  2  are  published  as  WL-TR-94-3094  and  WL-TR-94-3095,  re¬ 
spectively.  An  overview  of  this  test  program  is  also  published  as  WL-TR-94-3017. 
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Plots  of  the  Responses  on  Maneuver  Sequences  1 

for  Data  Points  306,  480,  656 


V 


SUMMARY 


An  unsteady  transonic  wind  tunnel  test  is  reported  for  a  highly 
instr\ainented  semispan  simple  straked  delta  wing  model.  Harmonic  pitch 
oscillation  as  well  as  maneuver  simulation  were  performed. 


Appendix  A  of  this  part  presents  the  aerodynamic  responses  on  the  maneuver 
sequence  performed  with  the  semispan  straked  delta  wing  model  for  data 
points  306,  480  and  656.  All  the  quantities  as  presented  for  the  data 
points  with  hamronically  oscillating  model  (see  Part  2),  extended  by 
inertia  loads  as  separate  quantities,  are  presented  both  as  a  time  trace 
and  as  a  cross-plot  with  the  incidence  signal.  Due  to  the  different  ranges 
of  Cp's  in  the  three  data  points,  three  different  scales  are  used  for  these 
plots.  The  plots  of  all  the  other  quantities  have  the  same  scale  for  the 
three  data  points,  except  for  CN_u_6  (dpn  306  and  480)  and  CN_t_l,  Cl_u_6 
(dpn  306)  .  The  time  traces  are  also  made  available  on  floppy  disks. 


The  rationale  for  selected  these  data  points  is  discussed  in  Section  7  of 
Part  1.  Table  5  in  Part  1  provides  a  convenient  cross-reference  of 
conditions  and  data  point  niombers. 

For  nondimensionalization,  symbols  and  definitions  the  reader  is  referred 
to  Part  1  (see  page  ix-xiv  of  Part  1)  . 
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Plots  of  the  Responses  on  Maneuver  Sequences 
for  Data  Points  306,  480,  656 
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I-  1  : 
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>2.0009 

Rbal 

09383 

t!.0eOO 

l/V . 1 
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1  . 1 

aWHW _ 3 _ UHB _ 

-2.0000 

Real 

0)303 

>1.0000 
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4 

4 

i 
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LiBBQ.  .alolui - 33JER. 

-Z/Moai 

h 

r 

r 

1  : 

1  h 

0)303  [ 

*1.0000? 

0  1  .fflm 

-2.0000 

Real 

Cp3es 

*1.0000 

^  i 

: . . . ij 

3-0000 - ainfaa  _ 1 

-2.0088 

O>30« 

[  j 

1 

-2.0000 

Real 

O930< 

J 

1 

1 

1 

-2.0000  C - ] 

?  \ 

\  i 

IjJ'" 

u.30a  1 

-2.0000 

Real 

0)304 
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J 
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UKiN  ;  bDd 


UKN  : 


DDb 


OPN  :  656 

full  (1-cos)  input 

alpha  =  22.476  deg 
dalpha  =  15.273  deg 
freq  =  3.800  Hz 

Magh  =  0.898 
Re  -6  =  7.928 
0  =  24.436  kPa 


656 

^.0000 

n - : — . . . . . r- 

cos  input 

Red 

[  ; 

22.476  deg 
15.273  deg 

3.800  Hz 

= 

0.898 

7.920 

24.436  kPa 

►1.0000 

_ 

UHN  :  bbb 


UPN  :  bbb 


full  (1-cos)  input 


alpha  =  22.476  deg 
dalpha  =  15.273  deg 
freq  =  3.800  Hz 


Mach 
Re  -6 
Q 


=  0.898 
=  7.928 
=  24.436  kPa 


half  (l-cos)  input 

alpha  =  22.476  deg 
dalpha  =  15.273  deg 
freq  =  3.800  Hz 

Mach  =  0.898 
Re  -6  =  7.928 
Q  =  24.436  kPa 


DPN  :  656 

full  (1-cos)  input 

aloha  =  22.476  deg 
dalpha  =  15.273  deg 
freq  =  3.800  Hz 

Magh  =  0.898 
Re  -6  =  7.928 
Q  =  24.436  kPa 


'2.0B0B  1  ^  ^  ^ 

j 

F '  ' 

■j 

0,505  [ 

;  1 

[■ 

j  ! 

'  i 

1  1 
i  1 

a  sfoa  T 

_ -  1 

172 


UriN  ;  ODD 

full  (1-cos)  input 

•^.3006 

i 

UrIN  .  DjD  . 

half  (1-cos)  input! 

i 

alDha  =  22.476  deg 
dalpha  =  15.273  deg 
freq  =  3.800  Hz 

!  :  ■ 

i  i;e«l 

alpha  =  22.476  deg  1 

dalpha  =  15.273  deg  = 

freq  =  3.800  Hz 

Magh  =0.098 

He  -6  =  7.928 

0  =  24.436  kPa 

^1.390 

•  :  ( 

:  ! 

1 

Mach  =0.898  ! 

Re  -6  =  7.928  i 

0  =  24.436  kPa 

UKN  ;  btDb 


full  cos  input 

I  I  !\ 


alpha  =  22.476  deg 
daipha  =  15.273  deg 
freq  =  3.800  Hz 


half  COS  input! 

alpha  =  22.476  deg  | 
daipha  =  15.273  deg  I 
freq  =  3.800  Hz 

Mach  =  0.898 

Re  -6  =  7.928 

Q  =  24.436  kPa 


-2.0000  P 


t  : 


UPN  :  656 


UPN  :  656 


ODD 

•e.ewB 

half 

COS  input 

alpha 

dalpha 

freq 

=  22.476  deg 
=  15.273  deg 
=  3.800  Hz 

Rest 

Mach 

Re  -6 

0 

=  0.898 
=  7.928 
=  24.436  kPa 

1 

I  *1-0000 

r»Si 


UPN  :  bt)b 


UKN  :  bbb 


UFN  :  bt)b 


UFN  :  dDb 


